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Supplementary Materials
note S1. Calculation of the initial electronic temperature evolution.
Three processes define the electronic temperature evolution after the photon absorption. On the fastest time scale, the electrons lose their energy due to the energy exchange with phononic degrees of freedom. This thermalization occurs on the sub-picosecond timescale. On the timescale of tens to hundreds of picoseconds, the lattice temperature is equilibrated across the nanowire due to the heat diffusion. Finally, the heat is transferred away from the sample via thermal coupling to the silicon substrate, exchange gas, and platinum electrodes. The latest process is the hardest for description but one can safely assume that the system recovers its initial state on the interpulse 2-second time-span.
The former two processes can be faithfully reproduced by the two temperature model (TTM) and heat diffusion equations unified in a single set of equations e e ė = − ep ( e − p ) + ( )
Here e =0.185mJ/cm 3 /K 2 (37) is the electronic specific heat coefficient, ep represents the coupling between the electron and phonon baths, i is the temperature of the corresponding system (indices e, p are for electronic and phononic, respectively), ( ) = 2 (− 2 / 2 2 ) (− / 1300nm ) describes the optical excitation with the pulse width at half maximum given by 2√2 2 w=50 fs, and is a thermal conductivity. Optical penetration depth at the excitation wavelength 1300nm =31 nm has been estimated from elipsometry measurements on thin MoN films. The coefficient of the TTM model ep can be estimated using the Sommerfeld constant e and a measured electron-phonon relaxation rate p =3272 K/ps, (38) ep = e p . The temperature dependence of the phonon heat capacity p is obtained from published thermal data (39). Note that due to scarcity of the literature on the MoN compound we use thermal constants for NbN. As we are looking only for the estimate of the relaxation timescale and not intend to model the exact trajectory of the order parameter any small difference in the thermal constants of two materials will not affect our conclusions. The result of the solution of Eq. (1-2) for a typical value of switching threshold F=0.5 J/cm 2 is shown in fig. S1 . The electron-phonon equilibration occurs on the hundreds of femtoseconds timescale, the electronic temperature is significantly perturbed for more than half of the nanowire thickness (our model is one-dimensional and does not take into account cylindrical shape of the nanowire). Further temperature equilibration due to the heat diffusion occurs on the tens of picoseconds timescale.
We can safely assume that the dominant effect on the order parameter dynamics is due to strong short perturbation in the first 500 fs, which serves as a reference for the time constant inserted in the TDGL equation, used in the modelling subsection in the main text. note S2. TDGL modeling. Case of quasi-equilibrium cooling.
In numerical experiment, similarly to the real-life experiment, the switching under short pulse excitation has threshold behavior. Theoretically, we investigated broad range of fluences corresponding to peak temperature from 0.001 to 10 Tc, increasing temperature for an order of magnitude in each simulation. The switching to an unstable state starts to occur at peak temperature of the order of Tc, stable photoinduced state was observed only for the highest fluence corresponding to a temperature peak of 10 Tc. These values agree well with the calculated temperature peak in TTM (Supplementary Note I) . In the manuscript, we presented the example of the solution of TDGL equation when the duration of the temperature pulse is shorter, than the period of the phase slip solution. To make sure that this result is not a consequence of cooling we perform a numerical experiment in which the temperature relaxation time-constant is 20 times longer than the phase slip period ( 0 = 7108 GL ), which we will refer to as quasiequilibrium cooling.
The result of the quasiequilibrium simulations for P=10 Tc is shown in fig. S1 fig. S2 . In this case the order parameter suppression is much more efficient, in comparison to the short pulse excitation, and the system for a significant period of time (≥ 23000 GL ) exists in the normal state. At longer times, complicated chaotic behavior is observed. Eventually, only when the temperature is lowered below ~10 -3 Tc well-defined periodic solution with three phase slips per period is observed. This is the characteristic signature of the hidden state observed with the short pulse excitation. However, in the quasiequilibrium case the state is observed only for 14000 GL while under short pulse excitation it is stable for the entire calculated time interval ≥50000 GL . Given that the temperature relaxation is three orders of magnitude faster in the latter case, one can safely claim that the state is stable. This underlines importance of the short excitation in the stabilization of the hidden state. Here we would like to elaborate on the reasons for a probabilistic nature of switching and decay of the quasi-stable states. We believe that the major reason lies in the absence of synchronization between the laser pulse and the phase slip process. In fig. S3 we plot the trajectory of the order parameter at the center of the wire. One can see how dramatically both order parameter and electric field change during one period, and how different are the initial and the final trajectories. While the laser pulse has drastic effect on the order parameter suppressing it almost to zero, it has no direct effect on the d.c. electric field (only via photogeneration of the normal carriers). Thus, we can assume that the formation of the hidden state depends on the value of the electric field at the moment of the laser pulse arrival. Similarly, we can see that after the photoexcitation the system takes many periods to approach the final limit cycle, visiting regions of phase space far away from the final trajectory. Naturally, this path is also affected by the initial electric field. This helps us in understanding of the stochastic nature of the decay of the quasistable states shown in Fig. 2D : This happens when the path of the system crosses the basin of attraction of initial state (here one should consider ψ and E in every point of the wire). Note, that while in the simulations the paths are very-well defined, thermal fluctuations and electrical noise broaden each of the trajectories and make the decay more probable. In Fig. 2E we have shown a numerous consecutive switching into the quasistable state |2 〉. In this note we provide a statistical analysis of the distribution of lifetimes, made on 62 switching events. We group the events which have lifetime within 0.5s range, and plot the histogram in fig.  S4 . This distribution resembles exponential, but is better described by Weibull distribution function plotted in black. This distribution accounts for the processes with time-dependent probability. The shape parameter of Weibull distribution was found to be equal to k=1.35 indicating that the probability of the decay of the quasistable state |2 〉 slightly increases with time (k=1 corresponds to the exponential distribution). We can suppose that this is caused by the Joule heating which favors decay of the state. The scale parameter of the distribution was found to be equal to 0.73 s indicating the average decay time. In the case of the exponential fit, the time constant was found to be 0.58 s. 
